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Abstract Purpose: The sustained effects of interleukin-
12 (IL-12) incorporated in biodegradable hydrogel on
the development of transplanted colon carcinoma were
investigated in C57BC/6 N mice. Methods: 1L-12 was
given to the animals incorporated in gelatin hydrogels
(GH) which allow its gradual release. As the control
administration, IL-12 was given via two subcutaneous
injections at an interval of 6 days. Growth of the tumors
was evaluated in terms of volume. Results: When IL-12
at 500 ng/animal was administered in GH, the tumor
volume was decreased 9 and 12 days after administra-
tion, and the response was dose dependent in the range
0-500 ng/animal. The effect of IL-12 was stronger in
mice treated with GH than in mice treated by subcuta-
neous injection at the same dose (i.e. 250 ng/animal
twice at an interval of 6 days). Feeding behavior and the
post-mortem wet weight of several visceral organs were
unchanged after IL-12 administration. Serum parame-
ters relative to the liver, heart and kidneys were unaf-
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fected by IL-12 treatment. No noticeable toxicity was
detected when the dose of IL.-12 in GH was increased to
1000 ng/animal. Conclusions: The results suggest that
IL-12 is effective in suppressing the growth of colon
carcinoma, and that delivery of this agent in GH is ef-
ficient in the treatment of carcinoma.
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Introduction

Interleukin-12 (IL-12) is a recently discovered heterodi-
metric cytokine [16, 20], and it has been shown in vari-
ous animal models of cancers to have tremendous
antitumor potential [3, 7]. It has been shown to enhance
natural killer and cytotoxic T lymphocyte activity which
induce interferon gamma, and to lead to tumor regres-
sion [2, 9, 13, 14], but it is usually used for a long time,
and adequate sustained levels are required [15, 19, 21].
Biodegradable gelatin hydrogels (GH) have recently
been developed, and they have been used for the delivery
of medicinal substances [11, 12, 17].

The present study was designed to investigate
whether IL-12 gradually released from GH has an ef-
fect on the growth of transplanted colon carcinoma in
mice.

Materials and methods

Animals

A total of 63 male C57BL/6 N mice (Charles River Japan, Tsu-
kuba, Japan) were used. They were housed and allowed free access
to laboratory chow (MF, Oriental Yeast, Osaka, Japan) and tap
water throughout the experiments. The room temperature was
controlled between 22°C and 24°C with a 12-h/12-h light/dark cycle
(lighting from 0800-2000 hours). Estimation of individual body
weight and food and water intake, and treatment was done between
1000 and 1200 hours.
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Experimental design

Animals bearing no carcinoma were divided into two groups. These
animals were treated with IL-12 in GH at 500 ng/animal or with
two subcutaneous injections of IL-12 at 250 ng/animal at an in-
terval of 6 days, and these delivery methods were compared by
determining the serum concentrations of IL-12. Mice bearing car-
cinomas were divided into three groups. These animals were treated
with GH containing saline (control), with IL-12 incorporated in
GH or with IL-12 as subcutaneous injections, respectively, and the
differences in relation to delivery method and dose were deter-
mined. Mice bearing no carcinoma received a higher dose of IL-12,
and the toxic effects were investigated.

Transplantation of tumor

When the mice grew to a weight of about 22 g, tumor transplan-
tation was performed under ether anesthesia by a previously de-
scribed method [8]. In brief, fragments of tumor, originating in a
syngeneic mouse colon carcinoma (CMT-93; Dainippon Pharma-
ceutical Company, Osaka, Japan) [6], were implanted subcutane-
ously into the left side of the back. After implantation, the animals
were returned to their cages and allowed access to food and water.

Preparation of GH

GH were prepared [11, 12, 17], and it was preliminarily confirmed
that IL-12 incorporated into the GH was gradually released into
the circulation over several days.

Estimation of tumor size

Tumor volume was estimated using a slide caliper according to the
following previously used equation [10, 15, 18]: 0.5xlengthxwidth?.
When tumors were growing progressively and the volumes of the
implanted tumors were between 80 and 120 mm®, IL-12 was
administered. In vivo activity was evaluated in terms of the percent
of the growth of tumors in control animals. Growth of the
cancer was determined 3, 6, 9 and 12 days after the first 1L-12
administration.

Histological examination

Wet weights of the heart, spleen, liver and kidneys were deter-
mined, and paraffin-embedded sections of these tissues stained with
hematoxylin and eosin were examined.

Hematological examination

Blood samples were obtained by cardiac puncture 0, 3, 5 and
12 days after cancer transplantation, and the numbers of red blood
cells (RBC), white blood cells (WBC) and platelets were estimated
using a CELL-DYN 3200 analyzer (Dainabot Company, Tokyo,
Japan).

Biochemical analysis

The blood samples obtained by cardiac puncture were cooled im-
mediately in ice water and centrifuged at 2200 rpm for 20 min.
Then the separated serum was stored at —20°C until measurement
of the following parameters using an autoanalyzer (Hitachi-7070;
Hitachi, Tokyo, Japan) [5]: total protein (biuret method), glutamic
oxaloacetic transaminase (GOT, ultraviolet method), glutamic
pyruvic transaminase (GPT, ultraviolet method), alkaline phos-
phatase (ALP, Bessy-Lowry method), blood urea nitrogen (BUN,
urease ultraviolet method), creatinine (Jaffe method). The concen-
tration of IL-12 was determined using an immunoassay kit

(BioSource International, Camarillo, Calif.). The assay kit was
specific for 1L-12p35 and IL-12p40.

Administration of test agents

1L-12 (Genetics Institute, Madison, N.J.) was given incorported in
GH or by subcutaneous injection. GH containing IL-12 were
placed subcutaneously into the back adjacent to the implanted
tumor. In some animals, GH were placed into the opposite side of
the back distant from the implanted tumor. The two subcutaneous
injections of IL-12 dissolved in saline were given into the back
adjacent to the tumor at an interval of 6 days.

Statistical analysis
The statistical significance of differences among the values was

evaluated by ANOVA and Duncan’s multiple range test. A sig-
nificant difference was defined as a difference with a P value <0.05.

Results

Serum IL-12 concentrations after IL-12 administration
in GH and as subcutaneous injections

The serum concentrations of IL-12 were determined 0, 1,
3 and 5 days after administration of IL-12 at 500 ng/
animal per 12 days. When IL-12 was given incorporated
in GH, an increase in the concentration of IL-12 was
seen within 5 days, but when the agent was given by
subcutaneous injection, the IL-12 serum concentration
did not increase (Fig. 1).

Tumor growth after IL-12 administration

Administration of IL-12 at 500 ng/animal incorporated
in GH led to a reduction in tumor volume at 9 and
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Fig. 1 Serum concentrations of IL-12 after IL-12 administration.
IL-12 was given incorporated in GH at 500 ng/animal (closed
circles) or was given by two subcutaneous injections of 250 ng/
animal at an interval of 6 days (open diamonds). GH containing no
1L-12 was used as the control (open circles). Zero indicates the day
of the first administration. Values are means+SEM (n=3).
*P<0.05 vs day 0 (closed circles); **P<0.01 vs day 0 (closed
circles, open diamonds). ***P <0.01 vs day 3 (open diamonds)



12 days after administration compared to the controls.
Although tumor volumes also decreased when the
same dose of IL-12 was given by two subcutaneous
injections, the decrease was less than following ad-
ministration of IL-12 in GH (Fig. 2). The response to
IL-12 in GH was dose-dependent in the range 0-
500 ng/animal. Regression of the tumor was similar
when IL-12 at 500 ng/animal was placed into the back
adjacent to the tumor or distant from the tumor
(Fig. 3).

IL-12 concentration and tumor development
Serum concentrations of IL-12 tended to increase when
the dose of IL-12 in GH was increased (Fig. 4), but there

was no correlation between the serum IL-12 concentra-
tion and tumor volume (data not shown).

300

200 - *

100 | &

Relative tumor growth ( %)

Days after IL-12 administration

Fig. 2 Relative tumor growth (tumor volume) after IL-12 admin-
istration. IL-12 was given incorporated in GH at 500 ng/animal
(closed circles) or was given by two subcutaneous injections of
250 ng/animal at an interval of 6 days (open diamonds). GH
containing no IL-12 was used as the control (open circles). Zero
indicates the day of the first administration. Values are mean-
s+SEM (n=6). *P<0.01 vs IL-12 in GH, **P <0.05 vs control
and IL-12 in GH
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Fig. 3 Relative tumor growth (tumor volume) 12 days after IL-12
administration. Different doses of IL-12 (250 and 500 ng/animal (/
and /1, respectively) incorporated in GH were administered into the
back adjacent to the tumor, and GH containing no IL-12 was used
as the control (C). 111 IL-12 at 500 ng/animal incorporated in GH
was administered into the opposite side of the back distant from
the tumor. Values are means + SEM (n=6). *P <0.05 vs C, Il and
i
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Fig. 4 Serum concentrations of IL-12 before (Before) and 12 days
after IL-12 administration at (/) 250 and (//) 500 ng/animal
incorporated in GH. GH containing no IL-12 was used as the
control (C). Values are means+SEM (n=6). *P<0.01 vs Before

Feeding, drinking and body weight gain after IL-12
administration

There were no significant differences among the three
groups of mice in food and water intake, or body weight
gain during the 12 days after the administration of IL-12
at 500 ng/animal (data not shown).

Wet weight of visceral organs after IL-12 administration

There were no significant differences in the weight of the
heart, spleen, liver and kidneys among the three groups
of mice 12 days after IL-12 administration at 500 ng/
animal (data not shown).

Serum chemistry after 1L-12 administration

The concentrations of total protein, GOT, GPT, ALP,
BUN and creatinine were unchanged 12 days after ad-
ministration of IL-12 in GH at 500 ng/animal (Table 1).

General responses of mice to IL-12 at 1000 ng/animal

When IL-12 at 1000 ng/animal was administered in GH,
water intake was slightly increased (Table 2). Wet
weight of the visceral organs was unaffected, and his-
tological findings were unremarkable (data not shown).

Table 1 Serum chemistry 12 days after administration of 1L-12 at
500 ng/animal incorporated in GH. Values are means+SEM
(n=6)

Control IL-12 treatment
Total protein (g/dl) 5.5+0.1 5.54+0.1
GOT (IU/1) 406+ 122 324+135
GPT (IU/)) 60+4 70+5
ALP (IU/1) 350+31 290 +25
BUN (mg/dl) 19.5+0.8 18.8+14
Creatinine (pg/dl) 12+2 207
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Table 2 Food intake and hematological parameters 12 days after
IL-12 administration at 1000 ng/animal. Values are means+ SEM
(n=6)

Control IL-12 treatment
Food intake (g/12 days) 39.3+1.1 39.0+0.6
Water intake (ml/12 days) 38.1+1.1 49.24+0.8%*
WBC (x10%/ul) 16.4+1.9 16.0+2.3
RBC (x10%/ul) 860 +21 893+18
Platelets (x10%/ul) 36.6+14.3 13.8+4.2*%

*P<0.01 vs control

Serum chemical parameters were unchanged (data not
shown). Hematological examination revealed only a re-
duction in the number of platelets (Table 2).

Discussion

We found that the administration of IL-12 incorporated
in biodegradable GH efficiently suppressed the develop-
ment of transplanted colon carcinoma. This is consistent
with previous findings that IL-12 is active in inhibiting
the development of carcinoma [13, 14, 15, 19, 21].

As mentioned above, exogenously administered IL-
12 suppresses tumor growth, and an optimal timing of
IL-12 administration has been assumed to exist when
IL-12 is given by different schedules of administration
[19, 21]. In this experiment, continuous release of 1L-12
from GH more evidently decreased the growth of the
tumor. Therefore, if the time required to complete the
processes leading to the antitumor effects were several
days, the maintenance of IL-12 at constant levels over
time resulting from its administration in GH may result
in optimal antitumor immunoactivity.

The inhibitory effect of IL-12 on tumor growth was
dose-dependent. This suggests that this cytokine has a
direct antitumor effect [2, 9, 13, 14]. The effect of IL-12
on tumor growth may be systemic because the same
response was obtained whether it was given adjacent to
the tumor or distant from the tumor.

IL-12 is a potent drug, but in many tumors it only
produces temporary suppression or slowing of tumor
growth, but no cure, and frequently such tumors resume
their original rapid growth rate once IL-12 therapy
ceases. It has often been demonstrated that the sustained
presence of IL-12 either further slows tumor progression
or in some cases effects a cure [4]. In this study, the
sustained release of IL-12 from GH produced not only
delayed tumor growth but also negative tumor growth,
so that I1-12 administered by this method might induce a
cure.

Serum concentrations of IL-12 were high for several
days and depended on the dose of IL-12 incorporated in
the GH, but serum IL-12 concentrations were not cor-
related with the dose 12 days later. It is considered that
the surrounding tissues absorb GH and the IL-12 re-
leased produces a similar decline regardless of its dose
for periods up to 12 days.

Food intake and body weight gain in mice treated
with IL-12 were unchanged compared to control mice.
This is in accordance with reports that mice can tol-
erate this therapy well [1, 15]. On the other hand, that
water intake increased when the mice received IL-12 at
1000 ng/animal (Table 2) suggests that IL-12 is in-
volved in the mechanism controlling drinking behav-
ior.
The fact that IL-12 had no effect on total protein
(Table 1) suggests that the nutritional condition of the
animals remained normal. GOT and GPT are trans-
aminase enzymes present primarily in hepatocytes and
heart cells. They are released into the blood in larger
quantities under conditions of heart or liver damage [,
15]. In this study there was no significant increase in the
concentration of these enzymes. ALP reflecting hepatic
biliary dysfunction was also unaffected by IL-12. It ap-
pears that there is no toxic effect of IL-12 on the heart or
liver. Creatinine is the waste product of muscle metab-
olism. Its level is a reflection of body muscle mass. Low
levels are sometimes seen in people with kidney damage,
starvation and/or liver disease [1, 15]. In this study,
creatinine and BUN concentrations were unchanged
after IL-12 administration. It is likely that the agent has
no renal toxicity.

With a reduction in the dose, toxicity would be ex-
pected to be reduced. Our observations agree with the
reports stating that most toxicities from IL-12 occur at
doses far above those used in this study [1]. As shown in
Table 2, because the number of platelets was decreased
after the administration of IL-12 at 1000 ng/animal, this
dose should be not be exceeded. In addition, the
threshold concentration above which 1L-12 is effective is
250 ng/animal per 6 days.

Subcutaneous tumors, as opposed to tumors of vital
organs, are not as well perfused and accessible to im-
mune effector cells such as T cells and natural killer cells,
which are critical to the success of I1L-12 therapy, but IL-
12 gradually released from GH was effective in sup-
pressing the growth of subcutaneous tumors in this
study. These findings indicate a strong potential for the
use of this method of administration for the treatment of
tumors in vital organs [5].

Because clinical tumor therapy was simulated in this
study and IL-12 incorporated in GH effectively sup-
pressed the development of carcinoma, we can expect
this method of delivery of IL-12 to be advantageous in
the treatment of carcinoma without causing severe sys-
temic toxicity.
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